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______________________________________________________________________________________ 
Abstract  
The current study investigated the influence of selection for increased egg production on external and 
internal egg quality traits over five generations in Japanese quail. A total of 4325 fresh eggs from 1326 
females were collected each week during the egg-laying period to estimate heritability, genetic and 
phenotypic correlations, and correlated response of external and internal egg quality traits to selection for 
egg number (EN). The direct response to selection indicated an increase of 7.7 ± 0.27 eggs produced during 
the 90 days following production of the first egg.  The correlated responses to selection indicated that 
selection for higher EN can be expected to increase EW and increase egg quality. Estimates of heritability 
ranged from 0. 11 to 0.35 for external egg quality traits and from 0.08 to 0.32 for internal egg quality traits. 
Estimates of the genetic correlations of EN with external and internal traits were positive, ranging from 0.09 
to 0.25 and from 0.02 to 0.27, respectively. These estimates indicated few if any genetic antagonisms that 
would adversely affect selection response. However, eggshell thickness would not be expected to change as 
a result of selection for EN. Thus, the external and internal quality of Japanese quail eggs could be improved 
by selection for high egg production.  
______________________________________________________________________________________ 
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Japanese quail are fast-growing birds that are raised for egg and meat production in many countries 
(Lotfi et al., 2012). In European countries, producers focus on increasing meat production from Japanese 
quail, whereas in Asian countries, egg production is the most important area of interest for producers 
(Minvielle, 1998; Lotfi et al., 2012; El-Attrouny et al., 2020). 
Japanese quail lay small eggs that may have three times the nutritive value of chicken eggs 
(Tunsaringkarn et al., 2013; Thomas et al., 2016). The increased demand for quail eggs, along with ongoing 
development in processing them, has necessitated an improvement in egg quality (Uluocak et al., 1995). 
Egg quality measurements can be divided into external and internal (Song et al., 2000). External traits 
include egg weight (EW), eggshell thickness (EST), and shape index (ESI), which affect the hatchability and 
development of the chicks (Tserveni-Gousi, 1987; Khurshid et al., 2003). Egg shape index is the ratio of 
width to length and is an important criterion in determining egg quality. Round eggs and unusually long eggs 
do not look ‘right’, and do not fit well in egg cartons. These eggs are much more likely to be broken during 
shipment than those of normal shape, resulting in economic losses for breeders and traders (Uluocak, 1995; 
Fathi et al., 2016). Eggs that look abnormal are more likely to be rejected by the consumer, whereas defects 
in eggshell ultrastructure can result in breakage or impaired development of the embryo during incubation 
(Mills et al., 1994; Roberts, 2004; Duman et al., 2016).  
Internal egg quality traits such as albumen index (AI) and yolk index (YI), percentage of albumen and 
yolk, and Haugh unit (HU) are important measures of egg freshness (Toussant & Latshaw, 1999; Song et al., 
2000; Silversides & Scott, 2001). The HU and YI are used more frequently to determine internal egg quality 
than other measures. The height of the albumen surrounding the yolk is combined with egg weight and 
determines the HU score. Higher scores indicate better egg quality (Haugh, 1937; Kondaiah et al., 1983).  
Egg production performance is usually assessed through traits such as egg numbers (EN) and EW 
during a defined period of production (Karabag et al., 2010; Durmus et al., 2017). Increased EN and EW 
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have been the main aims of genetic improvement programmes in egg-laying Japanese quail (El-Attrouny & 
Iraqi, 2020). Egg weight and shell weight (ESW) increase as with time after laying the first egg, whereas EST 
and hardness usually decrease (Lotfi et al., 2012). 
Many selection programmes have sought to improve Japanese quail egg production, but these 
focused mostly on external egg traits (Minvielle, 1998; Cheng, 2002). Fathi et al. (2016) revealed that 
selection for higher EN and lower broken eggshell percentage improved ultrastructural features of the 
mammillary layer rather than selection for EST. Narinc et al. (2015) stated that specific gravity may be the 
selection criterion of choice for genetic improvement of eggshell quality. On the other hand, selection for 
higher egg numbers was predicted to reduce the thickness and strength of the eggshell (Lotfi et al., 2012). 
For egg industries worldwide, eggs with good external and internal quality are critical to the economic 
viability of the industry, because egg quality is the most important factor in the price of table and hatching 
eggs (Roberts, 2004). Therefore, the objectives of the present study were threefold: i) to estimate the genetic 
and phenotypic correlation coefficients between egg numbers and external and internal egg quality traits; ii) 
to evaluate the effects of selection for high egg production on external and internal egg quality traits; and iii) 
to estimate the correlated response to selection for egg quality traits.  
 
Materials and Methods 
The protocol was approved by the institutional Animal Care and Use Committee of Benha University. 
A 5-generation selection experiment was conducted at the Poultry Research Farm, Faculty of Agriculture, 
Benha University, Egypt. There were 262 females in the base population that gave rise to 1064 additional 
females in the four subsequent selected generations. Each generation, birds were selected based on their 
estimated breeding value for the number of eggs produced during a 90 day period after laying the first egg.  
Hatched chicks from each sire and dam were wing banded with small plastic bands, which were then 
replaced with wing metal bands at 14 days old. Chicks were raised in battery brooder cages from 1 to 14 
days old and then transferred to rearing cages. Adult birds (one male with two females) were housed in 
stainless steel breeding cages with dimensions of 25 × 25 ×25 cm
3
 with a sloping floor for egg collection. A 
standard diet with 24% crude protein and 12.14 MJ/kg metabolizable energy was provided during the rearing 
period (0 - 6 weeks old). After 6 weeks, birds were provided with a standard layer mash diet (20% crude 
protein and 12.56 MJ/kg metabolizable energy). Both diets were formulated to meet the nutrient 
requirements recommended for Japanese quail (NRC, 1994). The temperature of the henhouse was 
approximately 22 °C. Feed and water were supplied ad libitum during the experimental period. Light was 
provided 24 hours a day for the first three weeks, and then a schedule with 16 hours of light and 8 hours of 
darkness was applied. The number of eggs laid by each female was recorded for the first 90 days of laying. 
To evaluate egg quality traits, a total of 4325 fresh eggs were collected. Egg collection took place for 
three consecutive days each week during the first 90 days of the egg-laying period. The dam of each egg 
was identified according to its colouring pattern and the eggs were labelled to document parentage. Egg 
quality traits were recorded within 24 hours of collection. An electronic scale was used to weigh the egg to 
the nearest 0.1g. Egg length and width (mm) were measured with an electronic digital calliper. External egg 
quality traits, including EW, ESI and ESW were determined for each egg after cracking it and cleaning 
residual albumen from the shell. Eggshell thickness was measured from the sharp, blunt and equatorial parts 
without a membrane with 0.01 mm sensitive electronic digital micrometres. Eggshell percentage (ESP) was 
calculated with this Aygun and Yetisir (2010) equation:  
 
Eggshell percentage (%) = (ESW / EW) × 100  
 
Internal egg quality traits were measured by gently breaking each egg with a scalpel and placing the 
contents on a flat surface. Internal egg quality traits – including albumen height (AH), albumen weight (AW), 
AI, albumen percentage (AP), yolk height (YH), yolk weight (YW), YI, and yolk percentage (YP) – were 
recorded for each egg. The percentages of eggshell, albumen and yolk were expressed relative to EW. The 
heights of yolk and albumen were measured with a tripod micrometre, and the diameters of albumen and 
yolk were measured with an electronic digital calliper. Subsequently, the yolk was separated carefully from 
the albumen for weighing. Egg shape index, AI, YI and HU were calculated with these formulae (Haugh, 
1937; Yannakopoulos & Tserveni-Gousi, 1986; Altan et al., 1995; Altan et al., 1998):  
 
ESI (%) = egg width / egg length × 100 
AI (%) = AH / [(average albumen length + width)/2] ×100 
YI (%) = YH / yolk diameter × 100 
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Data of egg number and egg quality traits were analysed with this multi-trait animal model:  
 
          
 
Where:   = the vector of observations,  
  = the vector of fixed generation effects with five levels,  
  = a vector of random additive genetic effects for each bird in the pedigree,  
  and   = incidence matrices associating the observations with fixed and random effects, 
respectively, and  
  = a vector of random residual effects.  
 
VCE6 software was used to calculate estimates of the variance components for random effects and 
heritability (Groeneveld et al., 2010). These estimates were used to solve the corresponding mixed model 
equations, and obtain solutions for the generation effects and their error variance–covariance matrix using 
PEST software (Groeneveld, 2006). Estimates of the contrasts between the five generations of selection 
were obtained with VCE6 software. Correlated response (CR) in trait y to selection (CSR) on trait x was 
calculated with this equation from Falconer and Mackay (1996): 
 
                
 
Where:    = selection intensity for trait x,  
   and    = square root of heritability for traits x and y, respectively,  
   = genetic correlation of traits x and y, and  
    = phenotypic standard deviation of trait y. 
 
Results and Discussion 
Descriptive statistics for the external and internal egg quality traits are presented in Table 1. These 
findings are within the ranges for Japanese quail reported by Taha (2009), who found EN ranged from 51.97 
to 72.83, and Fathi et al. (2016), who observed average ENs of 57.0 and 65.8 eggs in the control and 
selected lines, respectively. 
 
 
 Table 1 Descriptive statistics for external and internal egg quality traits in Japanese quail 
 
Trait Mean SD CV,% Minimum Maximum 
           
  Egg number  63.20  6.14  9.71  53.00  70.00  
External egg quality traits 
Egg weight, g 13.63  1.32  9.68  10.06  16.70  
Egg shape index, % 78.72  3.25  4.12  61.90  87.88  
Shell thickness, mm 0.23  0.02  8.69  0.19  0.29  
Shell weight, g 1.25  0.23  11.05  0.78  1.47  
Shell percentage, % 13.91  1.71  12.29  8.32   16.47  
Internal egg quality traits 
Albumen height, mm 4.13  0.17  4.11  2.56  6.74  
Albumen weight, g 7.33  1.19  16.23  4.99  10.39  
Albumen index, % 10.36  2.05  19.78  5.63  16.52  
Albumen percentage, % 53.78  4.68  8.70  30.37  68.52  
Yolk height, mm 9.78  1.45  14.82  6.57  12.74  
Yolk weight, g 4.40  0.19  4.31  2.94  6.14  
Yolk index, % 48.63  6.74  13.85  31.52  62.53  
Yolk percentage, % 32.27  5.13  15.89  23.41  43.15  
Haugh unit 88.24  10.65  12.06  79.52  94.53  
           
CV: Coefficient of variation 




The present study revealed that the average EW was 13.63 g. Khaldari et al. (2010) and Copur et al. 
(2010) reported similar averages of 13.40 g and 13.25 g. In contrast, lower EW with a range of 10.27 - 12.76 
g was reported for quails by Hassan et al. (2003), Kul and Seker (2004), Sari et al. (2016), Al-Daraji et al. 
(2010), and Narinc et al. (2015). Alkan et al. (2010) recorded a higher EW with an average of 14.14 g in a 
high bodyweight line of Japanese quail.  
Egg shape index is important for good hatchability and consumer preferences in table eggs. In the 
current study, the average value of ESI was high (78.72%), which might be because of the genetic selection 
programme. The current value is within the ESI range values of 76.29% and 80.45% that were reported in 
the literature (Sezer, 2007; Alkan et al., 2010; Nowaczewski et al., 2010; Daikwo et al., 2013; Narinc et al., 
2015). In contrast, Kul and Seker (2004) reported an ESI value of 74.90%.  
Average values for eggshell thickness, ESW and ESP (Table 1) were similar to those reported by Kul 
and Seker (2004) and Yilmaz et al. (2011), who found an average EST of 0.23 mm. Nasr et al. (2016) 
reported a value of 1.31 g for ESW. However, values lower than those observed in the current study were 
reported by Lotfi et al. (2012), El-Tarabany et al. (2015), and Sari et al. (2016). Also, Narinc et al. (2015) 
reported averages of 1.04 g and 8.17% for ESW and ESP. 
Average values for internal egg quality traits (Table 1) were also within the ranges reported in the 
literature for AH (3.80 mm and 4.58 mm), AW (6.68 g and 7.04 g), AI (9.37% to 10.67%), and AP (54.45% 
and 59.83%) (Nazligül et al., 2001; Kul & Seker, 2004; Lotfi et al., 2012; El-Tarabany et al., 2015). The 
average values of YH, YW, YI, and YP also were within the range of value that were previously reported: YH 
(9.90 mm to 10.84 mm), YW (3.60 g to 4.83 g), YI (42.06 to 50.0), and YP (32.57% to 41.53%) (Alkan et al., 
2010, Lotfi et al., 2012; Sari et al., 2016; Nasr et al., 2016). Altan et al. (1998) reported that egg shape index 
and its component traits, and YH and YW increased in a line of Japanese quail selected for increased body 
weight compared to a random-bred control line. 
The average value of HU in the present study was consistent with Alkan et al. (2010), in which HU 
values between 86.07 and 88.28 were observed. Nowaczewski et al. (2010) and Zita et al. (2013) presented 
a similar HU values. However, the average value of HU in the current study was higher than the range of 
observations reported by Kul and Seker (2004), Daikwo et al. (2013), and Nowaczewski et al. (2010), and 
lower than those of El-Tarabany et al. (2015) and Sari et al. (2016), respectively. 
The heritability estimates of for egg number and thee external egg quality traits ranged from low to 
moderate (Table 2). In agreement with the current findings, Daikwo et al. (2013) reported an estimated 
heritability of 0.37 for EW. However, MacNeil et al. (1984) and Stivanin et al. (2019) reported lower estimates 
of heritability (0.16 and 0.11, respectively) for EW in Japanese quail. In contrast, Sezer (2007) and Lotfi et al. 
(2015) estimated the heritability for EW in Japanese quail to be 0.83 and 0.41, respectively.  The heritability 
of ESI observed in this study was lower than the estimates of 0.51 and 0.38 reported by Sezer (2007) and 
Narinc et al. (2015), respectively, whereas, Lotfi et al. (2012) estimated a slightly lower heritability of 0.14 for 
ESI in quail eggs. The heritability estimates obtained in the present study were numerically higher than the 
estimates for EST, ESW, and ESP of 0.13, 0.15 and 0.09, respectively, from Lotfi et al. (2012). In the current 
study, estimates of heritability for ESW were lower than those in previous reports (Sato et al., 1989; 
Minvielle, 1998; Narinc et al., 2015) wherein the values ranged from 0.60 to 0.84. Moderate heritability 
estimates for ESP (0.31) was reported by Sezer (2007). The relatively low estimates heritability might be 
attributable to variation in environmental factors such as nutrition, husbandry and temperature that were not 
fully accounted for analysing the data and thus inflating the non-genetic variance (Sari et al., 2016).   
Estimates of the contrasts between the selected generations and base population, and heritabilities of 
the traits are presented in Table 2. The contrast among estimates of these generations was significant for 
EN (7.7 eggs), indicating direct response to selection. Similarly, Alkan et al. (2013) and Mahmoud et al. 
(2016) reported positive direct responses to selection in Japanese quail.  
The contrasts, indicative of correlated responses to selection, were significant for all external egg 
quality traits between generations, except EST. The estimated genetic correlations of these traits with EN 
(Table 3) support the observed correlated responses. Altan et al. (1998) and Alkan et al. (2010) also 
detected no significant correlated response in EST between the control and the selected groups of Japanese 
quail. The increase in ESW may be attributed to the increase in EW through generations (Karaman & 
Bascillar, 2012). Altan et al. (1998) found ESW to be increased due to selection for higher body weight 
compared with a control population. Thus, the present results and some observations in the literature 
support the conclusion that external quality traits can be improved through selection for higher EN. However, 
Lotfi et al. (2012) reported estimates of the genetic correlations of EN with EW, AW and YW as being 
negative -0.56, -0.44, and -0.41, respectively, and MacNeil et al. (1984) found the genetic correlation of EN 
and EW to be not different from zero. 




Table 2 Contrasts indicating direct and correlated response in external egg quality traits to selection for 
increased egg number, and the associated estimates of heritability, for Japanese quail  
 
Traits Contrast  h
2
 ± SE 
   
Egg number 7.7 ± 0.27* 0.26 ± 0.05 
External egg quality traits 
Egg weight, g 1.12 ± 0.24* 0.35 ± 0.07 
Egg shape index, % 1.48 ± 0.21* 0.21 ± 0.08 
Shell thickness, mm 0.04 ± 0.01 0.19 ± 0.03 
Shell weight, g 0.61 ± 0.23* 0.28 ± 0.11 
Shell percentage, % 1.52 ± 0.33* 0.11 ± 0.03 
   
 
 
Table 3 Genetic (above the diagonal), and phenotypic (below the diagonal) correlations for external egg 




Shell weight Shell 
thickness 
Shape index Egg weight Egg number Traits 
       




 0.23 ± 0.06 0.27 ± 0.03 0.16 ± 0.02 0.31 ± 0.12  4..0 ± 0.  94  Egg weight 
-0.11 ± 0.07 0.05 ± 0.01 0.11 ± 0.01  0.18 ± 0.03 4.10 ± 0.05 Shape index 
 0.13 ± 0.04 0.21 ± 0.06  0.22 ± 0.12 0.19 ± 0.03 0.  1. ± 0.03 Shell thickness 
 0.03 ± 0.01  0.41 ± 0.07 0.10 ± 0.04 0.21 ± 0.02 0.07 ± 0.02 Shell weight 
 0.24 ± 0.09 0.28 ± 0.05 0.16 ± 0.06 0.16 ± 0.04 0.17 ± 0.03 Shell percentage 
       
 
 
Genetic correlations among the external egg traits were positive and low or moderate (Table 3). Sari et 
al. (2016) showed a negative genetic correlation (-0.06) between EW and ESI. However, they revealed a 
high and positive genetic correlation between EW and ESW (0.85). A similar result was reported by Narinc et 
al. (2015), who found that the genetic correlation between EW and ESW was 0.75. While ESI increased by 
1.48% as a correlated response to selection, is not regarded as a good indicator of EST, ESW and shell ratio 
due to the low genetic correlations. A negative estimate of the genetic correlation of EW with EST (-0.16) 
was reported by Daikwo et al. (2013).  
 Phenotypic correlations of EN with external quality traits were positive and ranged from 0.07 to 0.34 
(Table 3). Thus, the phenotypic correlations between EN and external quality traits were similar to the 
genetic correlations. The current results are in contrast to those of Kul and Seker (2004), who found 
significant phenotypic correlations of EW with ESI (-0.22), EST (0.21), ESW (0.60), and ESP (-0.22). Daikwo 
et al. (2013) reported positive estimates of the phenotypic correlations of EW with ESI (0.54) and EST (0.05). 
Özçelik (2002) explained that eggshell quality and ESP depend on egg size and egg weight, and that there is 
a high correlation between shell strength and shell thickness. There might also be an applied benefit to be 
derived from ESI in determining eggshell strength (Yannakopoulos & Tserveni-Gousi, 1986). 
The heritability estimates of internal egg quality traits generally were low and moderate (Table 4). 
Heritability of internal egg quality traits was similar to the values reported by Sari et al. (2016) and Lotfi et al. 
(2012) were between 0.02 and 0.34. Daikwo et al. (2013) reported estimates of heritability for AH, HU and 
YH traits in Japanese quail of 0.27, 0.30 and 0.11, respectively. In the present study, heritability estimate of 
AW was similar to the estimate (0.29) reported by Lotfi et al. (2012) and lower than (0.42) that reported by 
Singh et al. (2011). Singh et al. (2011) and Lotfi et al. (2012) reported that heritability estimates of YW of 
0.32 and 0.33, respectively.  The estimate of heritability for HU in this study was lower than the estimate 
(0.40) reported by Daikwo et al. (2013).  
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Table 4 Contrasts indicating correlated response in internal egg quality traits to selection for increased egg 
number, and the associated estimates of heritability, for Japanese quail  
 
Internal egg quality traits Contrast  h
2 
± SE 
   
Albumen height, mm 0.21 ± 0.03* 0.24 ± 0.06 
Albumen weight, g 0.88 ± 0.27* 0.32 ± 0.19 
Albumen index, % 0.34 ± 0.16* 0.09 ± 0.01 
Albumen percentage, % 2.58 ± 0.30* 0.08 ± 0.02 
Yolk height, mm 0.17 ± 0.04* 0.18 ± 0.04 
Yolk weight, g 0.72 ± 0.19* 0.27 ± 0.06 
Yolk index, % 2.02 ± 0.18* 0.09 ± 0.01 
Yolk percentage, % 3.20 ± 1.23* 0.20 ± 0.11 
Haugh unit 2.14 ± 0.14* 0.21 ± 0.10 
   
* Contrast was significantly different from 0 at α =0.05 
 
 
Selection for EN improved all of the internal egg quality traits. This reflects a positive correlated 
response in internal egg quality traits because of the selection for higher egg numbers based on the 
breeding value. However, support for this conclusion is tenuous because the estimated genetic correlations 
of EN with YH, AP, AI, AW and YI are quite low (Table 5).  
Haugh unit is an important criterion for evaluating internal egg quality. Sari et al. (2016) found genetic 
correlations of yolk diameter and YW, AH and HU, and AW and AP that were large and positive. In the 
present study, HU and AH had a particularly high genetic correlation. There were also moderate genetic 
correlations of AH and AW and HU and AW. All these genetic correlations can be used in multiple trait 
selection to improve the egg quality. Controlling for the age of the bird would be an important part of this 
process because the albumen quality of the freshly laid egg decreases with advancing age (Smile et al., 
2005).  
Phenotypic correlations between EN and internal egg quality traits were also positive, but in general 
low (<0.3) and several were negative (Table 6). Kul and Seker (2004) and Özçelik (2002) reported that an 
increase in EW would result in a decrease in YP. Kul and Seker (2004) observed that YP and ESP had 
negative phenotypic correlations with AP. El-Tarabany et al. (2015) reported that EST was positively 
correlated with YH (0.31), AH (0.26), YI (0.20), and HU (0.29). Components of the albumen and yolk change 
phenotypically during storage and these changes affect egg quality negatively. Among the factors affecting 
egg quality during storage are temperature and relative humidity which have a direct relationship with egg 
deterioration, besides the duration of storage (Williams, 1992; Silversides & Scott, 2001). 
The predicted correlated responses to selection for increased egg number also indicated significant 
favourable changes in both the external and internal egg quality traits, with the exception of EST (Table 5). 
These predictions provide a second estimate of the contrast between the base population and the final 
selected generation and are more precise as indicated by their smaller standard errors relative to the 
contrasts of generations. Thus, selection for higher egg numbers may lead to an increase in EW and better 
external and internal egg quality with little or no change in EST. Alkan et al. (2010) showed that selection for 
high bodyweight, resulted in an increase EW, YH, AH, and ESW, whereas EST and HU did not change. Nasr 
et al. (2016) found that a high bodyweight line of selected quail laid significantly heavier eggs with higher 
eggshell weight and shell thickness when compared with a line selected for low bodyweight and a random-
bred control line. 
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Table 5 Genetic (above the diagonal), and phenotypic (below the diagonal) correlations for internal egg quality traits and number of eggs produced by 
Japanese quail 
 
HU YP YI YW YH AP AI AW AH EN Trait 
           
0.27 ± 0.05 0.16 ± 0.06  0.06 ± 0.02  0.20 ± 0.02 -0.05 ± 0.02  0.11 ± 0.07  0.07 ± 0.01  0.02 ± 0.01  0.22 ± 0.07  EN 
0.58 ± 0.04 0.20 ± 0.05 -0.17 ± 0.04- -0.16 ± 0.03- -0.07 ± 0.02  4.40 ± 0.01 0.23 ± 0.03  0.30 ± 0.04   0.11 ± 0.06 AH 
0.18 ± 0.06 4.11 ± 0.05  4.40 ± 0.02  4.11 ± 0.06  0.11 ± 0.04  0.33 ± 0.08  0.27 ± 0.04   0.16 ± 0.07  0.13 ± 0.05 AW 
0.14 ± 0.05 4.40 ± 0.01 4.1. ± 0.02  4.49 ± 0.03  0.05 ± 0.01  4.15 ± 0.06   0.28 ± 0.10  0.14 ± 0.07  0.17 ± 0.03 AI 
4.10 ± 0.05 4.15 ± 0.03 4.1. ± 0.03  4.49 ± 0.02 -0.19 ± 0.04   0.18 ± 0.04  0.32 ± 0.08 -0.21 ± 0.08  0.09 ± 0.02 AP 
0.04 ± 0.01 0.12 ± 0.03 0.25 ± 0.06 0.19 ± 0.03   0.06 ± 0.01  0.09 ± 0.03 -0.14 ± 0.01  0.08 ± 0.02 -0.19 ± 0.07 YH 
0.07 ± 0.03 4.59 ± 0.04 4..1 ± 0.05   0.16 ± 0.02 -0.07 ± 0.02  0.29 ± 0.06  0.18 ± 0.05  0.14 ± 0.04  0.08 ± 0.02 YW 
0.09 ± 0.03 4.54 ± 0.07  4.51 ± 0.07  0.27 ± 0.07 -0.13 ± 0.03  0.04 ± 0.01  0.05 ± 0.01  0.09 ± 0.05 -0.15 ± 0.04 YI 
0.06 ± 0.04  4.10 ± 0.05 4.55 ± 0.08  0.23 ± 0.08  0.02 ± 0.05 -0.19 ± 0.05  0.09 ± 0.02  0.18 ± 0.03 -0.10 ± 0.03 YP 
 4.15 ± 0.07 4.40 ± 0.03 4.42 ± 0.01  0.14 ± 0.01  0.19 ± 0.05  0.11 ± 0.04  0.12 ± 0.07  0.24 ± 0.03  0.12 ± 0.01 HU 
           
EN: egg number, AH: albumen height, AW: albumen width, AI: albumen index, AP: albumen percentage, YH: yolk height, YW: yolk width, YI: yolk index, YP: yolk 
percentage, HU: Haugh unit 
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Table 6 Estimates of correlated response to selection for increased egg number in traits that received no 
direct selection pressure through four generations of selection    
                                                                                                            
Correlated response External egg quality traits 
  
1.22 ± 0.03* Egg weight, g 
1.01 ± 0.06* Egg shape index % 
0.02 ± 0.02 Eggshell thickness mm 
0.42 ± 0.02* Eggshell weight g 
1.08 ± 0.04* Eggshell percentage % 
Internal egg quality traits 
0.40 ± 0.02* Albumen height, mm 
0.79 ± 0.04* Albumen weight, g   
0.75 ± 0.03* Albumen index, % 
0.51 ± 0.05* Albumen percentage, % 
0.62 ± 0.01* Yolk height, mm 
0.49 ± 0.03* Yolk weight, g 
1.05 ± 0.04* Yolk index, % 
1.58 ± 0.05* Yolk percentage, % 
2.32 ± 0.02* Haugh unit 
  




The relationship between egg quality and quantity is a major issue from the breeders’ point of view. 
This research indicates that selection for higher EN can be effective and also increase EW and egg quality. 
Increasing HU also indicates firmer and stronger albumen with high density to support embryo development 
and successful hatching. All of this would be reflected in enhanced economic viability of the egg industry.  
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